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(54) HETEROCOMPLEXES OF INTERFERON WITH IMMUNCXjLOBULIN AND 
PHARMACEUTICAL COMPOSITION THEREOF 

(71) Wc, NO. MUN HON, of Rat 4, 142 Pokfulam Road, Hong Kong« and FUNG, 
KWOK PUI, of 26 Van Oi Street, 1st Floor, San po King, Kowloon, Hong Kong, both of 
Chinese Nationality, do hereby declare the invention, for which we pray that a patent may 
be granted to us. and the method by which is to be performed, to be particularly described 
5 in and by the following statement:- ' 

The present invention relates to a pharmaceutical preparation containing interferon. It 
also relates to the active principle present in the preparation, and to methods of itt 
preparation. 

Interferon (iP) is a potent and a general antiviral agent (see, for example, Ng, M. N.. 

10 Vilcck. J.: Interferon: physicochemical properties and control of cellular svnthesis. Adv. 
Protein Chem. 1972. 26. 173-241) and may also possess anti-tumor activity (reviewed by I. 
Gresser in Anti-tumor effects of interferon. Adv. Cancer Res. 1972, 16 97-140). Its 
therapeutic applications as such however have been limited up until now. This limitation is 
due in part to its pharmacokinetic properties since IFs have a relatively short serum half 

15 life. Native interferon, injected intramuscularly, typically has a serum half life of about 5 
hours and a large dose is therefore necessary to achieve therapeutic effectiveness. It is 
difficult to purify IF and purification often leads to extensive reduction in the total activity 
(Knight, E.: Interferon: purification and initial characterization from human diploid cells, 
Proc. Nat. Acad. Sci. (U.S.A.) 1976, 7J, 520-523). This makes it impractical to consider the 

20 wide therapeutic use of pure IF at present. However, if IF was to be used before 
purification, the probability of adverse effects to the recipient due to the impurities may be 
expected to increase with the dosage administered. ? --^ 

In accordance with the present invention we now provide a heterocomplex comprising 
interferon cross-linked by a cross-linking ajent to an tmmunoglobiilin. Such heteroom- 

25 plexes can be prepared by reacting excess immunoglobulin (ig*) with interferon tn the 
presence of a cross-linking agent. By so cross-linking the IF to the Ig the phannacolo^cal 
properties of the IF are modified to the extent that effective IF therapy may be possible 
using smaller IF doses than have heretofore proved necessary. 
Various cross-linking agents may be used and simple experimentation will determine 

30 whether a particular candidate for a cross-hnking agent is indeed appropriate. By way of 
example, we mention that we have found that gluuraldehyde is a pieferred cross-hnking 
agent. 

The IF-lg hetcrcomplexes provided by the invention have different pharmacokinetic 
properties to IF itself, and yet exhibit biological properties of both the IF and Ig molecules. 

35 In addition, we have found some evidence for a possible adjuvant effect associated with the 
IF-lg hetcrcomplexes. 

The IF-lg heterocomplexcs can be obtained as soluble or as insoluble. gcMike producU, 
in aqueous media depending on the particular conditions used for bringing about 
cross*linking. In particular, the extent of aoss-linking can be controlled by the nature wid 

40 amount of cross-linking agent used and by varying the pH of the reaction mixture. For 
instance, when using glutaraldehyde or similar agents, cross-linking probably mvolves 
reaction between the agent and the non-ionized form of the amino groups on the protem 
molecules; on this basis it is possible to rationalize the finding that a higher pH favours 
complex formation with such agents. . ^. . . . 

45 BtolQgically . the IF-lg hetcrcomplexes are capable of inducing an anUviral state m diploMl 
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human fibroblasts as does free native IF. The induction depends on an aatve states of 
synthesis of macromolecules by the cells. Unlike free IF, the heterocomplexes antigenically 
cross-react with Ig and may be precipitated by the antiserum against human Ig. The 
pharmacolunetics of the heterocomplexes are also different from the free IF. Although 
5 tissue retention at the injection sites and liver clearance of both the free and the complexed 
forms of IF appear similar, IF activity was not detected to the serum obtained from animals 
that received prior injection of the IF>Ig heterocomplex. This apparent discrepancy might 
be due to binding of the complexed IF onto blood cells. We have found that the 
heterocomplexed but not free forms of IF will bind with Raii cells which are a hunum 

10 lymphoblastoid cell line of B cell origin. As discussed below, this finding may be of use in 
quantitative assay of immune complexes. 

From a further therapeutic standpoint, the heterocomplexes might have certain potential 
advantages over free IF. For example. bloixJ-bomeviruses in many instances are carried in 
the leukocytes. Thus the heterocomplexes. by virtue of their affinity for the leukocytes, 

IS might offer a means to control the dissemination of viral infection; In one embodiment an I 
Ig having an antigenic specificity against a particular virus is used to prepare the 
heterocomplex; the s^iecific l£ should then impart a ''homing**jproperty to the heterooom* 
plex and tnereby facilitate the therapeutic appli«.«iiiuii» ui ir. 
In view of the expected therapeutic properties of the heterocomplexes. we also provide as 

20 part of this invention a pharmaceutical preparation which comprises a cross-linked IF-Ig 
heterocomplex. together with a pharmaceutically acceptable solid or liquid carrier. Liquid 
preparations can be injected into the patient, while solid preparations are suitable for 
topical application such as in the treatment of viral conjunctivitis. 
Various aspects of the present invention will now become apparent from the following 

25 description and discussion of examples of the preparation and testing of I F*lg heterocom- 
plexes, using in this instance glutaraldehyde as the cross-linking agent. The drawings 
referred to are those which accompany the provisional speciftcfttkm, and percentages are by 
weight unless otherwise indicated. 

30 Production and assay of interferon 

Human fibroblast interferon was denoted by Dr. Jan Vilcek, New York University. New 
York, U.S.A. The method of superinduction as described by Havell and Vilcek 
(Production of high-titered interferon in cultures of human diploid cells. Antimicrob. Ag. 
Chemother. 1972. 2. 476-484) was applied in the preparation of IF from cultures of the 

35 human diploid fibroblast line. FS-4. Ttic medium used for IF production contained 0.2% 
human plasma protein (final concentration). The resulting culture supernatant was 
precipitated with perchloric acid (0.25N) at 0*C and the precipitate conuining IF activity 
was dissolved in |/10 original volume of 0.02M phosphate. pH 7.4. The solution was then 
made to 40% by volume saturation with ammonium sulfate and the resulting supernatant 

40 was dialyzed against phosphate buffered saline ((PBS'). 

IF activity was assayed in microplate cultures of human diploid fibroblast usiM vesicular 
stomatitis virus as the challenging virus, according to Havell and Vilcek. The IFactivity is 
expressed in actual 'laboratory** units. I laboratory unit being determined as equivalent to 
13/50 NIH standard units. The original crude IF which had contained 13,000 NIH standard 

45 units/ml, titered 50,000 laboratory units/ml in our assay method. 

Preparation of immunoglobulin 

An immunoglobulin can be prepared by precipitation of human sera at 40% bv volume 
saturation with (NH4)2S04 followed by solubilization and equilibration against a phosphate 
50 buffer (0.04M, pH 7.4) and then application to a DE 52 column eouilibrated with the same 
buffer. The fraction which is not absorbed on the colunrn predominantly contains the 
immunoglobulin. Equally satisfactory resuhs can be achieved using the i m m u n oglobulin 
preparation available from Sigma Co., U.S.A. 

The immunoglobulin was used in portions of 15.5 mg in one ml. 

55 

Reaction with glutaraldehyde • # .«? 

One ml aliquots of a solution containing 15,5 mg of human Igand 1.5 mg protem of an IF 
preparation containing 2 x lO^IF units were dialyzed against aceute buffers containing O.IM 
sodium aceute and IM NaCl at pH values of 4.0 or 5.0 or aftaiim phosp^^ 
60 containing O.IM sodium phosphate and IM NaO at pH values of 6.0. 6 5 7.0, 7.5 or 8.0. 
Different amounts of gluuraldehyde (Sigma Co.. U.S.A.) were then added and aUowed to 
react for 16 hours at 4X. The reaction was stopjped by the addition of 0,05 ml of O.IM 
glycine of I ml of the mixtures followed by dialysis against PBS. 

The IF-Ig heterocomplexes were then isoUied from free IF by precipiiauon at 40% by 
65 volume saturation of (rwU)3S02. a condition which also caused the prec^ 
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probably other Ig complexes as well. 

The reaction conditions and the solubility of the product are shown in the following Table 
1 , in which a soluble product is indicated ^ . a partially soluble product ± » and an insoluble 
product 

TABLE 1 
Glutarakkhyde : Protein* 
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*Molar ratio, based on molecular weights of Ig as 1.7 x lO' and that of glutaraldehyde as 

Assuming that the specific activity of pure IF is 2 x I0» units per mg and that IF has a 
molecular weight of 2 x 10* (cf . E. Knight, op. cit.), the molar ratio Ig:lF can be calcula te d 30 



15.5 2 x 10* x 13/50 _ 

TtTio^ 35 



H can be seen from Table I that high pH and high concentration of glutaraldehyde 
relative to that of total protein in these mixtures favours extensive cross-luiking of the 
protein molecules resulting in gelling of the solution (Table I). Once gelled, the complexes 
40 thus formed have molecular weights in excess of 10* which could not^ electrophoresed 40 
into acrylamide gel slab. At a gluuraldehyde to protein molar ratio of 5 at p H 7.5 or g .0> 
however, soluble complexes were obtained whidi could be subjected to elecuophomn. 

45 ^'cel^SabTwere cast in a linear gradient of acrylamide of 4 to 24% made up in O.IM 45 
phosphate buffer, pH 7,2 containing 0.1% sodium dodecyl sulfate (SDS). Ekctrophort»tt 
wloperforined at 6 volts per slab for 40 hours and the slabs were then either stamed with 
''Coomassie** (RcgisteredTrade Mark) blue or sliced. The sel »bces were eluted by ahaking 
in 0.5 ml of PBSat 4'C for 24 hours and IF activity thus eluted was assayed. 

50 In Figure I there arc shown the electrophoretic patterns obtained ^Oi, reaihng from the 90 
left; A: protein marker mixture containing thyroslobulin (Thy), ?WMt IgG (IgGK oovme 
serum albumin (BSA), o^hymotrypsinogen (a-Chyin), and myoglobuhii (Myo); B: natrve 
IF preparation; C: IF-l£ mixture after reaction at jpH 7.5 with ^utaraldehyde at « molar 
ratio to protein of 5:1; D: same IF-Ig mixture as C except reaaion ocoir^ at pH 8; E: 

55 Mmc IF-Ig mixture as C before reaction with glutaraldehyde. The soluble hctcrocoroplexes 55 
obtained using the process of the invention migrate as large molecular wetaht bands (riwe 
1 C & D) that are absent in the stained electrophoretic patterns of the IF*l£ nixture befora 
reaction (Figure E) or in that of the native IF preparation (Figure IB). 
The amoimt of IF present in the IF-Ig mixtures was too small to allow lU rnolution at 

60 ttained bands. Accordingly, gel slabs which had been electropboresed under wubtf 60 
conditions as described for Figures IB and ID, but without fixing or staimng. were sliced. 
The gel slices were eluted with PBS and the electrophoretic migration of IF acuvity was 
assayed. Figure 2 shows the results obtained; Figure 2a shows the migration pattern for the 
nauve IF preparation and Figure 2b shows the migratioii pattcip tterc^rtedUF-lg 

65 aixtuic. Alto mduded in Figures 2a and is the cali^^ 69 
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marker mixture as described for Figure I A. It will be seen from Figure 2a thai native IF 
migrates as a species with a molecular weight of 20,000. This result is in aooord with thc 
fuidings of other workers (see E. Knight, op cit and Vilcek« J.. HavelL E. A., Yanuizaki, S. 
: Anugenic, physiochemical and bioloeical characterization of human interferons. Ann. 
N.Y. Acad. &i. (in press)). On the other hand, Figure 2h shows that the oomplexed IF 
activity mijgrated as a heterogeneous species with molecular weight raniting between 0.5 to 
1.0 X 10^ (&lton. The 20,000 molecular weight species was conspicuously missing from the 
latter migration pattern. 

It is apparent that although IF in the native or oomplexed forms ciHild not be detected as 
stained bands, the reaction with gtutaraldehyde had obviously ct»valcntly linked the IF 
molecules giving rise to the large molecular weight species with IF activity as observed in 
Figure 2b, The electrophoretic conditions empToyeo (i.e. prolonged electrophoresis (40 
hours) and the presence of SDS) probably exclude the possibility that these larRC molecular 
weight species are due to IF molecules which are non-covaiently avsociated with other 
molecules. Moreover, bearing in mind the large excess of Ig relative to IF in the reaction 
mixture* it seenu most likely that the large molecular weight species are hybrid molecules 
conuining both IF and Ig. 

Funher characfehsadon of IF-lg complexes . . . . j . 

The proposit^n that the large molecular weight species are indeed hetcrocomplcxes of Ig 
and IF is confirmed by the results of the following experiments. 

Fintly , as a duplicated experiment, the reaction mixtures before and »^[</f A^in^n* 
gluuraldehyde at pH 8.0 were taken to 40% by volume saturation of (Nli4j2Sp4. Tne 
distribution of IF activity in the precipiuted and supernatant fractions is shown w Table 2. 

TABLE 2 

IF activity (Untu) 
Experiment 1 Experiment 2 

Fraction 



Starting material 



40% 
40 (NH4)2S04 



precipi* 
tate 

Super- 
natant 
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Test 


Cootioi 


27.000 


77.000 


40,000 


27.000 


14.000 


126 


27.000 


125 
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I8.00O 


1.2S0 


12^ 



It is apparent that whereas the native IF is not precipitable. the complexed IF activity is 
precipitated at 40% by volume (NH4)2S04 (as also are immuno^k>buliitt). The increase in 
the recovery of IF activity observed in Experiment 2 after reaction with glutaraldehyde is 
probably insignificant in that the difference is within the error of IF assay. 

In a second set of expenments, an anti Igtest was performed using two preparations of 
the IF-lg heterocomplex and one of native fiP. The preparations were allowed to react with 
anti-human immunoglobulin, first at room temperature for 2 hours and then at 4-^ 
overnight. The coinplexed IF was found to be precipiuble which was pr«ttn»WM«c 
reaction of Ig in the hybrid molecules with its oorrespondrng antibodict. By cootiast, tlie 
native IF icroatned soluble. Hie results are tabulated ui Table 3. 

TABLE 3 

Interfefoo Titres 



55 
60 

Control 
65 Supeniauot 



IF-Ig 
Hetero* 
complex (1) 

14.000 

15 



IF-Ig 
Hetero- 



(2) 



27,000 
2,430 



Native IF 

27,000 
24J00 
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The aniivtral activiiy of IF is not exerted directly at the virus or 'tt% replication. Rather, 
this activity is directed phmurily at the cells i.e. IF treatment of cells renders the cvIK 
rcfractile to infection with viruses (Ng Sl Vilcek op cit). The development of this refractilc 
stale, commonly referred to as the antiviral state;(Kcurs following treatment of cells with IF 
5 and as such rc4|uires active cellular macro-molecular synthesis. S 

The effect of actinomycin*D on the induction of the antiviral state by the IF-lg complexes 
was studied. Actinomycin D is an agent which arrests cellular RNA synthesis. Cultures of 
human fibroblasts were treated or not with tl.25 |ig per ml of acttnomycin-D for minutes. 
Vhcy were then washed free of the drug before exposure to 0, 2, 20 or 2tW IF units of the 
10 complexed IF-lg preparations or native IF, for 12 hours. The cultures^ere washed and 10 
challenged with vesicular stomatitis virus <VSV) at a multiplicity of 0.1. The culture 
supernatant was ;Lssaycd after 24 and 72 hours for the yield of vSV by plaque assay using 
primary cultures of chick embryo cells. The treatments and tests results are shown in Table 
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As is shown in Table 4« precrcaiment of the celb with actinomycin D inhibits the 
development of the IF-inediated antiviral state i.e. IF treatment did not afford protection 
against subsequent infection with VSV to cells preueated with actinomycin D. Thus, 
despite treatment with a protective dose of IF, these cells developed a cvtopathic effect 
5 (CPE) as did the control cells that had not been exposed to IF. when challenged with the 
virus. These treated cells also supported virus replication to the same eitent as the control 
cells, as is evident from the fact that both yielded similar plaque fonming uniu (PFU) of 

The antiviral effect of the complexed IF is also mediated via the cells in a similar manner 
10 to native IF. This effect is absent when the ceils are pretreated with actinomycin D. It may 
be concluded from these results that the complexed IF retained the antiviral activity of the 
native IF. It may also be concluded that the hybrid or hetero molecules of Is and IF also 
have in addition the physicochemical and biologicalproperties of Ig. in that the molecules 
are precipitable by antiserum against ig and at 40% by volume saturataoo of (NH4)2$04 
IS (like native Ig s). 

As will now be explained, those properties which are thus far known to be unic^ue to the 
hybrid or hetero molecules include (1) pharmacokincU*^ p.«;i«vttlc« and (2) affiiuty of the 
complexed IF for Fc receptors. * 

20 Freiiminary pharmacokinetic studies of IF-lg heterocomplexes 

The pharmacokinetic properties of the complexed IF were studied by intramuscular 
administration of like doses of the native and complexed IF to Swiss mice. Randomly bred 
male Svhiss mice weighing approximately 3S g were given intramuscular injection of IF or of 
IF*Ig heterocomplexes in amount of 0.05 to 0. 1 ml of PBS containing approximately 10.000 
25 IF units. The animals were bled from the tails at different times and IF activity in the serum 
specimens were assayed. 
The results are shown in Rgure 3. 

The serum IF levels in niice receiving the native IF reached an early maximum at or 
before 30 minutes followine injection, and then declined rapidly. The serum halMife of 

30 native IF in the mice was estimated to be about 3 to 5 hours. On the other hand, mice which 
were given the same dose of the complexed IF did not shown a detectable serum IF activity 
for up to 4 days following injection. 

A test was carried out to determine if the above-described difference was due to tissue 
retention at the sites of injection or to a more rapid liver clearance of the complexed IF. 

35 Mice were given an intramuscular injection of lO.tJOO units of native or complexed IF, bled 
4 hours later, and sacrificed. Tissues at the sites of injeaion and the livers were excised, 
minced and extracted for 24 hours with phosphate buffer (3ml of 0.Q2M phosphate buffer 
pH 7.4) containing 0.1^ SDS to I gram of tissue. The extracu were clarified by 
centrifuftation at 12.000 g for 30 minutes. The sera and tissue extracts were then tested for 

40 IF activity and the results arc shown in Table 5. 
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It is apparent from Tabic 5 that, as indicated by the levels of tissue IF the turnover of the 
native and complexed IF in the nuce is similar. Serum IF in mice receiving the complexed IF 
was again not detectable. The blood cells from these animab were extracted but the level of 
blook cell-bound IF activity was probably too low and could not be detected. 

Fc receptor binding 

As an alternative approach, bindina with human lymphoid cells in vitro was used as an 
experimental model. 5 x 10* Raji cells were suspended in 0.5 ml of medium or medium 
containing 2.5 mg of an ovalbumin-antiovalbumin complex (ova) or 0.5 mg of heat- 
inactivated human igG (AIgG). The cells were allowed to stand for 30 minutes at room 
temperature and 0.5 ml of complexed IF was then added. The mixture was allowed lo stand 
for 50 minutes at room temperature, centrifuged. and the supematanu were assayed for IF 
activity. Complexed IF mixed with equal volumes of the medium or the medium containing 
the same amount off ova of AIgG served as controls. 

The rcftulu are ihown in Table 6. 



TABLE 6 



20 Reaction mixtures 



IF titers 
(uniu per ml) 

<5 

45 

45 

45 

<3 

18 

18 

18 



10 



IS 



ao 



Cells -t- complexed IF 
Cells ova complexed IF 
ova -t- complexed IF 
complexed IF 
Cells complexed IF 
Cells 4- IgG -I- complexed IF 
IgG ^ complexed IF 
complexed IF 

li can be seen that the complexed IF binds with Raji cells, a human lymphoid cell Imc 
that contains Fc receptors. This result is in contradistinction to that obtained with native IF. 
Binding of the IF-lg was inhibited when the Raji cells were first incubated with the muble 
ovalbumin-antiovalbumin immune complexes or with human IgG that had previously been 
subjected to heating at 63*t: for 30 minutes (AIgG). The extent of inhibition was found to 
depend on the dose of the soluble immune complex or AlgG. These resulu^are consistent 
with the hypothesis that binding of the complexed Ig-IF is due to interaction between the Ig 
moiety on the hybrid Ig-IF molecules and the Fc receptor on the Rail cells. 

The acquisition of an affinity for Fc receptors in a unique property of the complexed 
Ig.IF, and is believed to be due to denaturation of the Ig moiety dunng the process of 
cross-linking. Whatever the underlying reasons, this finding has two implications; (1) it may 
account for the failure in detecting serum IF activity in mice receiving miection of the 
complexed IF; and (2) it seem possible to quantitatively analvse for soluble unmune 
complexes by their interference with binding of the complexed IF with Ran celU. 

If eslabUshed. the latter implication would have definite advanuaes over uie current 
radioactive assay using ^^I labbeled AIgG for assay of immune complexes. The sensiuvity 
of the complexed IF binding assay is potentially as sensitive as the radioassay, being capable 
of detecting 500 ug or less of the AI^; however the oomolex IF has a more Mable shetf We 
([it is uabk for at feM four months wbik the half Ufe of ''^l AI^ 
isotope). 

Further purification of IF Ig heurocomplexes . ,^ ^ 

The resulu above also point to a way to purify the coinp^ IF. The PJfP^"J« 

procedure included a first precipiution of the complex IF at 40% by volume (NH4]^a«. 

lliis step would have allowed the separation of noo-unmunoflobubnft induduig nauve IF 

from the reaction mixture. ^ ^ ^ : 

Further purification might be achieved by affinity chrooutosraphy of the 

fcaction on an iamobttiacdneuranunidaie aJuan, iwm^ the nitpliud d csc r ib crf by Fungand 
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Ng (Fung, K.P., Ng, M.H. : Purification of human dipioid fibfoblast interferon by 

iounobtlised neutraminidase. Arch. Virol, (in press)). 
This purification makes use of the affinity of the immobilised neuraminidase at pH 4.5 for 

molecules such as IF which contained sialic acid molecules. In a typical procedure, a 
5 preparation of human iF*Ig complex containing about 1000 units of IF per ml was obtained 

by allowine a mixture of IF and Ig to react with glutaraldehyde at a ratio to protein of 5 and 

at pH 8.0 followed by the precipitation at 40% by volume saturation of (NH«)2S04. One ml 

of this preparation was diajysed against acetate buffer pH 4.5 and applied to a column (0.9 x 

16 cm) containing approximately 0.24 units of neuraminidase (Sigma Co., U.S.A.) 
10 conjugated to agarose beads such as those available under the name Sepharose 4B, 

'*Sepharo9e** bemg a registered trade mark. The coliuhn was developed with O.IM 

NaHCO, buffer pH 9.5. 
As can be seen from the results of the chromatography plotted in Figure 4, the bound 

helerocomplexes are eluted at pH 9.5. At pH 9.5 there is neglijpble enzymic activity which 
15 therefore results in the dissociation of the substrate (i.e. IF*Ig) from the inunobilised 

enzyme. A better than 20-fold purification of the IF-lg can be achievedbv a single cycle 

through the immobilised enzyme colunui, wiu> « iecotfery of better than 10% of the total IF 

activity initially applied. 

20 Other cross-iinking agents 

Although the foregoing examples are concerned with IF-lg heterocomplexes obtained 
using glutarakkhyde as the cross-linking agent, it will be ajpparent that other cross-linking 

Ments suggest themselves as candidates for use an the preparation of the heterocomplexes. 
iperimental evaluation will show whether a potential agent is indeed suiuble. Regardless 
25 of the agent employed* the resultant heterocomplex will have pharmacokinetic and other 

Eroperties which are different to those of IF and Ig ihemseWca aad which will lend the 
eterocomplex to various biological uses. 
WHAT WE CLAIM IS:- 

1. A heterocomplex comprising interferon cross-linked by a croas-lmking agent to an 
30 immunoglobulin. 

2. A heterocomplex as claimed in Claim 1 which is soluble in aqueous media. 

3. A heterocomplex as claimed in Qaim 1 which is insoluble in aqueous media. 

4. A heterocomplex as claimed in any preceding dairo in which the immunoglobulin has 
antigenic specificity against a particular virus. 

35 5. An interferon-immunoglobulin cross-linked heterocomplex substantially as heremb- 

efore described. . . ^ . 

6. A pharmaceutical preparation comprising a heterocomplex as clauned to any one 
preceding claim together with a pharmaceutically acceptable carrier* 

40 MARKS Sl CLERK, 

Chartered Patent Apnu, 
57-60 Lincolns inn Fiekis, 

London WC2A 3LS. 
Agentt for the Applicant. 



r H*f Ma|m>'« Ul-Mmty Olhem. b) Cny^am frmm^ C*i 



Cm 

WCIA lAVJ 



1. 1« 



This Page is Inserted by Ij^ W Indexing and Scanning 
Operations and is not part of tlie Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

^BLACK BORDERS 

^IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
^BLURRED OR ILLEGIBLE TEXT OR DRAWING 
B^SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

VlINES or MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



